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Materials and Methods
Plasmid Construction, Generation of Transgenic plants
Constructs for mating-based split-ubiquitin and FRET-FLIM assays were generated using Gateway technology (Life Technologies). The constructs of RLP44, BAK1 and BRI1 in pMetYC-Dest and pXNubA22-Dest were already described (1). BAK1-HA was generated by recombination of the available BAK1 entry clone (1) with pGWB14 using Gateway technology. Similarly, BRI1-GFP was created using pH7FWG2 (2) . The pRLP44-GFP-GUS lines were created using primers RLP44prom_GW_L and RLP44prom_GW_R and destination vector pKGWFS7 (2) . PSKR1-GFP was already described in Ladwig et al., 2015 (3) . For the FRET-FLIM assays with RLP44 and BRI1, the destination vector pFRETtv-2in1-CC was used (4) . For this system, the respective genes had to be cloned into pDONR221 P1P4 and pDONR221 P3P2 using multisite Gateway technology (Life Technologies). FLS2 (at5g46330) ORF was amplified from plasmid DNA under omission of the stop codon with forward primer FLS2_attB1_F and reverse primer FLS2_attB4_R. RLP44 was amplified with RLP44_attb3_F and RLP44_attb2_R omitting the stop codon and BRI1 was amplified with primers BRI1_attB3_F and BRI1_attB2_R. Subsequently, the respective constructs were cloned into the pFRETtv-2in1-CC. We generated the 2in1 constructs RLP44-mTurquoise-FLS2-mVenus and RLP44-mTurquise-BRI1-mVenus. Oligonucleotides are described in Table S1 . All other constructs are based on the GreenGate system (5). For details regarding cloning and constructs please see Table S2 . For BRI1 (at4g39400) CDS GreenGate Cloning, three internal BsaI/Eco31I recognition sites were removed through the generation of 4 PCR fragments with following primers BRI1_GGC_1F, BRI1_GGC_1R, BRI1_GGC_2F BRI1_GGC_2R, BRI1_GGC_3F, BRI1_GGC_3R, BRI1_GGC_4F and BRI1_GGC_4R. Subsequently the PCR products of all combinations were gel purified, digested with Eco31I, ligated and continued according to the GreenGate protocol (5).
Genotyping
For genotyping of the bri1-null T-DNA insertion line, we used for the wildtype allele BRI1-GK_WT_F and primer BRI1_3'UTR_R. Presence of the T-DNA insertion was assessed with primers GK-o8409 and BRI1_GK-134E10_R. The presence of the bri1-116 allele in segregating bri triple and 35SRLP44-GFP (bri triple) seedlings was determined with primers bri1-116_CAPS_F and bri1-116_CAPS_R and subsequent digestion of the PCR product with MssI. For pskr1-3 mutants, primers SALK_008585_F and SALK_008585_R were used to detect the wildtype allele and primers SALK_008585_F and LBb1.3 were used to detect the T-DNA. For pskr2-1 mutant, SALK_203857_F and SALK_203857_R were combined for the wildtype allele and SALK_203857_F and LBb1.3 for the T-DNA. Genotyping of rlp44 cnu2 is described in (1).
Analysis of Xylem and Total Vascular Cell Number
For Basic Fuchsin staining, 6 day old seedlings were fixed in methanol for 1-2 hours using 6-well plates with cell strainers and subsequently placed in 10% (w/v) NaOH and incubated for 3-4 hours at 65°C. After removal of the NaOH solution, seedlings were stained in 0.01% basic fuchsin (w/v) in water for five minutes, destained in 70% (v/v) ethanol for 10 minutes, and stored in 50% (v/v) glycerol. Samples were mounted in 50% Glycerol and imaged on a Zeiss LSM 510 or a Leica SP5 using excitation of 514 nm. Fluorescence emission was detected with a 560 nm long pass filter. Xylem cell type was determined via the patterning of ligninified secondary cell all thickenings from z stacks. For Calcofluor White staining of the cell walls, seedlings were placed in 1 M KOH solution for 6 hours at 37°C. After removal of KOH, seedlings were washed three times in 50 mM Tris-HCl pH 7.5, and with 100 µg/µl Calcofluor white in the same buffer for 1.5 hours on a benchtop shaker. After three washing steps with 50 mM Tris-HCL pH7.5, seedlings were stored in 50% glycerol. Samples were mounted in 50% Glycerol and imaged on a Zeiss LSM 510 using excitation at 405 nm and detection with a 420-480 nm band pass filter.
Immunoprecipitation and Western Blotting
Transient expression was performed in leafs of 4-6 week old Nicotiana benthamiana plants through Agrobacteria infiltration (OD600 = 1). Two days after transformation, 0,75 g plant material was harvested. PSK was infiltrated 60 min before harvesting. For immunoprecipitation from Arabidopsis, 6 to 9 day old seedlings grown on plates as described were harvested, and up to 1 g plant material was frozen in liquid nitrogen. The following steps were the same for both experimental approaches. The plant material was ground using 2 ml/g of extraction buffer (50mM Tris-HCL pH 7.5, 150 mM NaCl, 10% glycerol, 5 mM EDTA, 1% NP40, 5 mM DTT and 1 % plant protease inhibitor cocktail). The total ground material was spun down for 15 min in a table top centrifuge (max. rpm, 4 °C). 60 µl of the protein extract was taken as the input sample and boiled with 20 µl of 4x SDS-PAGE sample buffer (Roti Load1, Roth) at 95 °C. The remaining protein extract was incubated with GFP-trap or RFPtrap agarose beads. For each sample, 30 µl of beads were equilibrated in 1 ml of the extraction buffer and spun down for 5 min in centrifuge (500 rpm, 4°C). After removal of the supernatant, the protein extract was added to the beads and incubated for 2 hours at 4°C (over-head shaker). After incubation, the beads were washed three times with extraction buffer and the supernatant was discarded. The remaining beads were boiled in 60 µl of 2x SDS-PAGE sample buffer at 95 °C for 5 min. SDS-PAGE gels were self-prepared and for RLP44 detection 12% gels, for BAK1 10% and for BRI1 6 or 7 % gels were used. The same protein quantity was loaded in the SDS-PAGE and after Western blotting probed with the indicated antibodies. Before probing with the antibodies the PVDF membrane (Immobilon-P, Millipore) was blocked for 1 h in 5% BSA in 1 x TBST blocking solution (20 nM Tris-base pH 7.4, 150 mM NaCl, 0.05% Tween). Primary antibodies, mouse anti-GFP (1GFP63, Biolegend, 1:10000), mouse anti-HA (F-7, Santa Cruz Biotechnology, 1:5000), rabbit anti-RFP (1:10000), rabbit anti-BRI1 ((6), 1:5000) and rabbit anti-BAK1 ((6), 1:10000) were diluted in 3 % BSA and incubated with the membrane overnight at 4 °C on a shaker. Membranes were washed 8 x 5 min with 1 X TBST before they were incubated with the secondary antibodies, goat polyclonal anti-rabbit coupled to horseradish peroxidase (Thermo Fisher Scientific, 1:10000) or rabbit polyclonal anti-mouse coupled to horseradish peroxidase (Sigma-Aldrich, 1:10000) diluted in in 3% BSA for 1 hour on gentle agitation on room temperature. Membranes were again washed 8 x 5 min before imaging with an INTAS science imaging device using a chemiluminescence detection kit (Supersignal West Pico, Thermo Fischer Scientific).
Quantitative Reverse Transcription PCR
Total RNA was extracted from roots of 5 day old seedlings. Not more than 100 mg of roots were frozen in liquid nitrogen and RNA was extracted with the GeneMATRIX Universal RNA Purification Kit (EURx/Roboklon) with an additional DNaseI digestion step, either directly on the column (Roboklon DnaseI-RNase free E1345) or subsequently DNase I digestion (DNase I, RNase-free, Thermo Fisher Scientific EN0525) followed by a RNA column clean-up (Roboklon RNA Purification Kit). 1 µg RNA in 5,75 µL RNase free water was used for cDNA synthesis with AMV Reverse Transcriptase Native according the manufacturer's protocol (Roboklon E1372) with RiboLock RNase Inhibitor (Thermo Fisher Scientific EO0381). qPCR reactions were performed in 15 µL volume, of which are 5 µL 1:40 diluted cDNA template in water, 0.3 µL of JumpStartTM Tag DNA Polymerase (Sigma-Aldrich), 1.5 µL appropriate buffer, 0.3 µM of each forward and reverse primer, 2 µM dNTPs (Sigma-Aldrich), 0.6 mM MgCl2 and 0.15 µL of 1:400 diluted SYBR ® Green I (Sigma-Aldrich) and fill up with H2O. Gene expression was normalized to housekeeping gene clathrin adaptor subunit (7). Primer sequences are listed in the table. Ct values were measured in the Rotor Gene Q 2plex (Qiagen) and the data was analysed with the 75 Rotor-Gene Q 2plex software and evaluated according to (8) and (9).
Confocal Laser-Scanning Microscopy
Laser lines of 405 nm (Calcofluor White), 488 nm (GFP, FM4-64), 514 nm (YFP, basic fuchsin), or 543 nm (RFP, mCherry, propidium iodide) on a Zeiss LSM 510 Meta and Leica SP5 microscope systems equipped with 25× and 63× water immersion objectives were used for excitation. Fluorescence was recorded between 420 and 480 nm for Calcofluor White, between 530 and 600 nm for YFP, and between 490 and 525 nm for GFP. FM4-64 fluorescence was recorded between 600 nm and 720 nm and propidium iodide was recorded using a 560 nm long pass filter. Images were analyzed with Zeiss Zen software and Fiji. Images were processed with Fiji and Adobe Photoshop CS for figure preparation.
Mating-Based Split-Ubiquitin Assay and FRET-FLIM Analysis
mbSUS and FRET-FLIM were performed as described (1, 10).
Glucuronidase staining
GUS staining was performed as described (11).
Statistical Analysis
The number of samples analyzed for quantifications are indicated in the figures as (n). The significance of difference between samples were determined by One-way ANOVA combined with Tukey's post hoc test, or by Student's t-test. Xylem cell numbers were analyzed using Mann-Whitney U-test or Kruskal-Wallis modified U-test and Dunn's post hoc test with Benjamini-Hochberg correction. QRT-PCR was analysed as described (9), followed by oneway ANOVA. . Asterisks indicate statistically significant differences from control conditions as determined by two-tailed t test with **p < 0.01 and *** p<0.001. Box plots in (A) and (C) indicate interquartile range (box), median (bar) and minimum/maximum (whiskers). 
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